(XRD), raman spectroscopy, scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), X-ray photoelectron spectroscopy (XPS), thermogravimetric analysis (TGA), surface hydrophilicity/hydrophobicity, and the performance of nanofiltration (NF) membranes were evaluated against monovalent and divalent salts solutions. The fabricated TFN-NF membranes had higher performance in terms of their permeation characteristics compared to the thin film composite TFC membrane, while maintaining their selectivity against both monovalent and divalent salts solutions with only minor variation depending on the incorporated HNS used to prepare the TFN.
Fabrication of Thin Film

Introduction
Since the first Thin Film Composite (TFC) membrane was made by Cadotte [1] , to the present day, a wealth of research has d targeted improving TFCs for a breakthrough in industrial membrane expansion for desalination applications. TFC, which is viewed as the "golden standard" in the membrane industry, is constructed by an interfacial polymerization of an organic phaseliquid phase system to form a thin (0.1-1µm) selective polyamide layer (PA) deposited on a microporous support substrate membrane. This standard polymeric membrane has been the topic of intensive research in recent years in order to bring about distinctive features to the TFC surface.
Novel materials and surface modification methods have been adopted for designing what is believed to be the next generation of TFC membrane. One of the recent pragmatic approaches in this research has been achieved through revising the performance characteristics of TFC via imparting the specific characteristics of nanoscale materials (NMs) into the thin PA layer.
The recent concept "Thin Film Nanocomposite (TFN)", which was first reported in 2007 by
Hoek [2] , refers to the application of nanoscale materials within or at the top surface of a PA layer. Since that time, a range of metal/metal oxides, zeolite and carbon based NMs have been reported in the literature, and reveal an enhancement in TFN membranes functions. The enhancement was not only targeted at the antifouling properties of nanocomposites, but also manifested outstanding capabilities to cope with the selectivity/permeability trade-off relationship [3] . These nano-based structures could be either added to the aqueous phase or to the organic phase during the fabrication reaction of the PA layer, or chemically bonded to the surface of TFC via bonding agents. However, gathering between a defect-free and stable PA layer is critical for long term durability and stable selectivity of any TFN membrane. Regardless of the role of monomer material, concentration and reaction time on the PA layer characteristics, other factors could considerably influence performance of TFN, such as type and size of fillers, degree of dispersion/aggregation and quantity incorporated into the PA layer, and polymer-filler compatibility.
Size and type of nanofiller can affect the permeability characteristics of TFN, for instance big nanoparticle clusters or inappropriate alignment of nanotubes may act as a defect sites in the TFN layer and give rise to a lower selectivity [3, 4] . The relatively weak dispersion of hydrophilic NMs in non-polar solvents is another key problem for the approach in TFN formation steps where most research focuses on their dispersion in the aqueous phase [5] . Although considerable dispersion of surface modified NMs in the liquid phase canbe achieved, agglomeration of NMs is still unavoidable, especially at high loading weight. Nevertheless, lack of surface interactions between the PA matrix and NMs are more likely to result in leaching of NMs out of the PA thin film during the formation and/or filtration, affecting the selectivity and stability of the TFN membranes [3] .
Currently, attempts are directed to modify the conventional IP process and/or to link diverse organic derivatives on NMs surface, aiming to revise their surface functionalization and promote their colloidal stability in various media. A new technique was introduced by Baroña Sigma-Aldrich (UK). Sodium chloride (Nacl), sodium sulphate (Na2SO4) and magnesium sulphate (MgSO4) were analytical grade salts supplied by Fisher scientific (UK).
Synthesis of hybrid nanostructured materials
To eliminate amorphous carbon and trace metal catalysts, and to carboxylate the MWCNTs, 1000 mg of raw MWCNTs was dispersed in 200 ml HNO3. The suspension was treatedfor 10 minutes in a bath sonicator, then refluxed under 120 °C for 48 hrs. Later, the solution was cooled down at room temperature, then diluted with DI water. Finally, the resultant precursor was passed through a 0.22 µm cellulose nitrate membrane, washed with DI water to neutralize the pH and dried in an oven at 80 °C overnight.
For decorating the nanotubes with metallic nanoparticles, 75 mg Fe(NO3)3. 9H2O, 71.4 mg Ti(OCH2CH2CH2CH3)4, 138.99 mg Al(NO3)3.9H2O and 40 mg AgNO3 was individually added into 100 ml methanol and bath sonicated for one hour. Then, 100 mg of carboxylated nanotubes prepared earlier were added and sonicated for another 30-min with a tip sonicator to yield about 10 wt.% metal to the MWCNTs. Thereafter, the precursor was dried at 40 °C in a vacuum oven.
Finally, to convert metal salt into metallic form on the surface of CNTs, each sample was calcinated in a tube furnace at 450 °C under inert conditions for 5 hours.
Coating the nanostructure with a thin layer of PDA was carried out using a bath sonicator to suspend 50 mg of each HNS sample in 100 ml Tris-HCl buffer (10mM and pH 8.5). About 75 mg dopamine was then added and stirred at 25 °C for 24 hr. After polymerization, the PDA coated nanotubes were washed several times to pH neutral. Finally, the product was dried under vacuum overnight. An example of the prepared HNS is presented in Figure 1 . 
Fabrication of thin film nanocomposite (TFN)
Laboratory made PES/UF membranes were prepared by the classical wet phase inversion and used as a substrate for the polyamide layer polymerization. A more detailed fabrication description of the procedure is presented in a previous work [11] . Briefly, 14 wt.% PES and 2 wt.% PVP were dissolved in NMP at 50 °C overnight, untill a clear yellowish solution was achieved.
The casting solution was then degassed for 1 hour under vacuum prior to casting. Next, membranes were casted on non-woven support (Ahlstrom-Hollytex @ -grade:3329) using a thin film applicator with a clearance gap of 200 microns. Thereafter, the substrate was directly placed in a DI water coagulation bath at 20 °C for 30 minutes, washed several times, and stored in an air tight DI water container at 4 °C ready for further use.
TFC and TFN membranes were fabricated via interfacial polymerization on the membranes prepared earlier. For TFC membrane, a rectangular cut membrane was first clamped between a rectangle frame (20 cm X 5 cm) and substrate made from acrylic, and connected to a vacuum unit. About 50 ml of 2% MPD (w/v) in water solution was left in contact with the active membrane's surface for two minutes, followed by applying a vacuum pressure to remove the excess solution. Then, 50 ml of 0.1% TMC in n-hexane (w/v) was reacted with the top surface of the MPD wetted substrate for 45 seconds. After the IP process, the TFC was rinsed with about 50 ml n-hexane to remove unreacted monomers, crosslinked in oven at 70 °C for 15 minutes, and finally stored in DI water prior to testing.
Except for one additional step, the same procedure was performed for the TFN fabrication.
Following the clamping of the support membrane, a suspension of each PDA coated HNS was individually prepared and used to deposit 0.0025 mg/cm 2 on the support membrane by vacuum filtration, forming a very thin layer of HNS on the top surface. The MPD was then poured carefully to wet the deposited thin layer for 2 minutes. Then, vacuum pressure was applied again to remove excess solution from the surface and to wet the internal wall of pores. As mentioned in TFC procedure, TMC was then reacted with the amine solution for 45 seconds, rinsed with nhexane, crosslinked at 70 °C, and stored in DI water ready for characterization.
Characterization
Fourier transforms infrared spectroscopy (FTIR)
To affirm the existence of functional groups on the acid modified MWCNTs and TFN membranes surface, a fourier transform infrared spectrophotometry (FTIR) (Spectrum 2-PerkinsElmer) was implemented. The transmittance spectra were recorded at room temperature from 500 to 4000 cm -1 with a resolution of 4 cm -1 .
Zeta potential
A universal dip cell kit (ZEN1002), as an accessory for Zetasizer nanoseries ZN (Malvern, UK), was used to determine the zeta potential (ζ) of raw MWCNTs, f-MWCNTs and HNS prior and after PDA coating. A concentration of 5 mg/L for each HNS in water was prepared individually and pH was titrated from 3-11, using 0.1 M HCL and 0.1 M NaOH. The zeta potential was then measured as function of pH, and the isoelectric point of each sample was determined.
X-Ray Diffraction (XRD)
XRD patterns were recorded on a Brüker d8 DISCOVER diffractometer with a Cu kα X-Ray source (λ = 0.15418 nm) and analysed using Match 2 software.
Morphological and elemental analysis
The surface roughness parameters were characterized using atomic force microscopy (AFM) t. A multimode AFM with a NanoScope IIIa controller (Bruker, USA) was used for this purpose.
Scanning electron microscopy (SEM S4800-Hitachi, Japan) was used to observe the morphology, and energy dispersive X-ray analysis (EDX) attached to the SEM was implemented to provide quantitative representation for the elemental composition of various samples.
Raman spectroscopy
Raman spectroscopy as a non-destructive technique was applied to evaluate the graphitic structure, defects, ordered and disordered structures of HNS. The Raman spectra was recorded for samples on InVia TM Confocal Raman Microscope (Renishaw-UK) with a 532 nm excitation laser.
Thermogravimetric analysis (TGA)
Thermal gravimetric analysis (TGA) (TA Instrument-Q600SDT) was performed to determine the thermal decomposition behaviour of HNS, confirm the loading weight of metals on the surface of nanotubes and the presence of a PDA coating layer. An aluminium pan was filled with approximately 5 mg of HNS and placed inside the combustion chamber, then heated in the presence of air up to 900 °C (heating rate 10 °C /min and air flow rate 100 ml/min).
X-ray photoelectron spectroscopy (XPS)
Elemental composition and chemical state was further characterized by XPS analysis. An X-ray photoelectron spectrometer (Kratos, AXIS SUPRA-Japan), equipped with a monochromatic Al Kα as the radiation source, was used to identify the HNS from a range of 0-1200 eV. CasaXPS software was used for data analysis. A calibration of spectrum energy was carried out with respect to C1 peak, and binding energy (BE) set to 284.8 eV.
Surface hydrophilicity/hydrophobicity
Surface hydrophilicity/hydrophobicity of the TFC and TFN membranes was carried out by a sessile drop method using a VCAoptima contact angle instrument. 4 µl droplet of DI water was dropped down on a flat membrane's surface, and an image of the droplet was automatically captured to determine the contact angle measurement using VCA Optima XE software.
Performance evaluation of Nanofiltration NF membranes.
PWF and salts filtration experiments were conducted using a crossflow rig with an active membrane area of 12.6 cm 2 . After adequate compaction time at a transmission pressure 1.2 MPa, the pressure was reduced to 1.0 MPa and the DI water permeate flux recorded automatically every one minute using data collection software interfaced with an electronic balance. The automated software converted the permeate weight data received from the balance into a flux, and recorded the values on an excel spreadsheet for previously set membrane area and time intervals.
For the evaluation of NF performance. The inorganic salts concentration in feed solutions, including NaCl, Na2SO4 and MgSO4 was kept at 2000 ppm. After the compaction with DI water, the permeate flux (L/m 2 .hr) decline was recorded as described earlier for PWF, while rejection values (R%) of the membranes were determined by following equation:
Where Cp and Cf are the salt concentrations in the permeate and feed solution, respectively.
A conductivity meter (Jenway-UK) was used to detect the salts concentration in the feed and permeate solution.
3 Results and discussion 3.1 Hybrid Nanoscale Structures.
FTIR Spectra evaluation of MWCNTs
The total reflection infrared spectra from 500 to 4000 cm -1 are shown in Figure 2 .for raw, functionalized and PDA coated nanotubes. A clear enhancement in the partial oxidation of nanotubes was observed after treatment with concentrated HNO3 where a number of functional groups, mainly hydroxyl (-OH) and carboxyl (-COOH), are generated after the acid treatment of rCNTs. The FTIR spectra of r-CNTs did not reveal clear enough bands to be recognized. However, the broad well defined peak around 2994-3691 cm -1 , which is always presented for the nanotubes, is mainly attributed to the stretching mode of the (-OH) bond. The IR regions around 1665 cm -1 are ascribed to oscillation of -COOH groups, while the small peak at 1362 cm -1 is the O-H vibration bending of carboxyl acidic group [12] . The well-defined peak at 1060 cm -1 was correlated to the C-O stretching vibration. All these identified peaks confirmed the successful modification of r-CNTs with acidic functional groups. Comparing the IR spectra of CNTs and other HNS, a new peak ascribed to pure metal oxide NPs was observed between ~ 450-700 cm- 
Microscopic observation (SEM and EDX).
Surface morphology of nanotubes, prior and after metal/metal oxides decoration, was observed under SEM, as shown in 
X-Ray Diffraction analysis (XRD)
The XRD patterns of the crystalline structure of M/MO-MWCNTs nanocomposites are shown in [15] . This scenario could be worse in the presence of another material to form a hybrid nanocomposite (NC). However, the existence of diffraction peaks at 32.5° (104), 50° (024) and 63° (300) could be deemed as a confirmation for α-Fe2O3 formation, rather than other iron oxide phases ( Figure 4D ). For the other HNS, no visible XRD peaks attributed to TiO2 and Al2O3 were detected in the TiO2 -CNTs and Al2O3-CNTs spectra ( Figure 4E and Figure 4F ). This could be due to the lower extent of the crystalline metals, compared to the crystalline CNTs, used to prepare these HNS, leading to shielding of the metal peaks by those of the nanotubes, and/or the TiO2 XRD peaks in the nanocomposite could be overlapped by the nanotubes peaks since the main peaks position of TiO2 at 25.4° is close to the main diffraction peak of the nanotubes at 25.9°. The opposite of these findings were reported by Yu et.al., astitaniium masked the nanotubes peaks when TiO2 had a higher loading to that of nanotubes in the HNS [16] . Further characterization has been carried out to avoid the XRD limitations and assert the HNS composition/oxidation state. 
Raman spectroscopy
The structural changes, prior and after decorating the nanotubes with M/MO, were determined by Raman spectroscopy bands, Figure 5 (Right). All carbon nanotubes bands differentiated by Raman spectra were located between 1000-1700 cm -1 . The band denoted as (G-band) at 1572 cm -1 is ascoiated with the graphitic layers and is the characteristic feature of all sp 2 hybridized carbon allotropes. While the additional peak named as (D-band) at 1340 cm -1 refers to the defects and disorder of the structure [17] . Following the acid treatment and the subsequent decoration step, some differences between the spectra have been highlighted;; a decrease in the G band intensity relative to the D band have been observed for f-CNTs and all other HNS. The intensity ratio between D band and G band (ID/IG) was used to determine the degree of disorder in the HNS samples. An increment in the ID/IG from 0.76 to 0.85 was observed, suggesting an increase in the defects and disorder on the nanotubes after processing with HNO3 has been accomplished.
Furthermore, presence of metal/metal oxides on the surface of nanotubes caused explicit changes in Raman scatter intensity, and the ID/IG were found to be 0.90, 0.85, 0.85, 0.92 for Fe2O3-CNTs, Al2O3-CNTs, TiO2-CNTs and Ag-CNTs, respectively. Indicating that incorporating M/MO induced more defects and degree of disorder of the CNTs. Even though the change in the ID/IG ratio has been used as an indication for the attachment of metallic NPs on the surface of nanotubes [18] , this change was not tangible after deposition of metallic NPs in this work. This could be due to the preferential growth of NPs on surface defects sites of nanotubes, resulting in a reduction in these structural defects, and leading to a small increase in the ID/IG ratio [19] . Moreover, different nanocomposites manifested a different morphologic ID/IG ratio, regardless if the same f-CNTs were used for later metal deposition. Probably, this disparity may be different from one metal to another depending on NPs size and distribution's homogeneity, when grown on surface defects of the nanotubes.
In Raman spectroscopy, different material phases can be distinguished, depending on their individual frequency, and elucidated as peaks. Figure 5 
X-ray photoelectron spectroscopy (XPS).
To reveal the chemical composition and oxidation state of the uppermost surface of HNS, a typical XPS survey scan has been implemented. As indicated in Figure 6A , the elemental composition of nanotubes, including carbon (C) and oxygen (O), were observed in scans of all samples.
More detailed information on XPS spectra (C1s) are provided in Figure 6B . The photoelectron peak C1s, ascribed to the graphitic carbon on nanotubes, is located at 284.8 eV. and the other elemental characteristic peak (O1s) is located at 532 eV binding energy (BE) ( Figure 6C ). Following the acid treatment, a change in C1s and O1s has been observed indicating the degree of surface oxidation. The O/C ratio has increased from 7% to 9.65%, indicating more oxygen atoms are bounded to the f-MWCNTs according to XPS results. These results correlated with the increased defects and disorders (ID/IG ratio) created on the nanotubes surface after acid treatment, which was determined by Raman spectra
The subsequent decoration of nanotubes with M/MO has generated novel peaks in the XPS spectra. The Fe2O3-CNTs spectrum, depicted in Figure 6D , illustrates the shape and position of peaks at 711.3 eV and 724.7 eV, and assigned to Fe 2p3/2 and Fe 2p1/2 of α-Fe2O3, respectively [22] , with energy separation between the two spin orbit components (∆BE =13.4 eV). In addition, there was a shake-up satellite peak situated at 719 eV, which is identified as the characteristic of Fe 3+ in Fe2O3 [23] . The phase of TiO2 was also verified by XPS survey spectra, Figure   6E . 
Thermal behaviour Analysis (TGA)
TGA analysis was conducted to illustrate the thermal decomposition behaviour of various samples, and to confirm the theoretical amount of M/MO and PDA loading weight used to coat the nanotubes. Considerable variation in the thermal properties was noticed under an oxidative environment for each metal, Figure 7 (Left). A gradual weight loss was detected for f-MWCNTs, before the significant loss at 547 °C commenced, this was ascribed to the decomposed organic moieties that manifested after the nanotubes acid treatment. Similarly, this wet loss was also observed for the other HNS, and could be due to the condensation reactions of metal-OH residual groups presented at the HNS materials [27] . In the meantime, deposition of Ag on the nanotube reduced the onset decomposition temperature to 309 °C, which was due to the oxidative catalytic ability of Ag that can catalyse, at low temperature, carbon nanotubes in the presence of O2 [28] .
However, presence of TiO2 and Fe3O4 did not have any influence on the thermal properties of the MWCNTs, which were almost identical to that of f-MWCNTs. Unsurprisingly, this was not the case for the nanotubes coated with Al2O3, and the thermal decomposition temperature commenced at 635 °C due to the improved thermal stability of MWCNTs resulting from the synergy of alumina. Finally, the amount of M/MO, remaining after decomposition of nanotubes in the samples, has confirmed the theoretical loading level adopted in this research.
The extent of PDA grafting on f-MWCNTs and other HNS was evaluated by TGA analysis.
The significant weight loss in the f-MWCNTs was between 547-673 °C, as illustrated in Figure   7 (Left). At 547 C, the mass loss of f-MWCNTs was only 12%. While after coating with PDA, this weight loss reached 55%, suggesting that 43% of PDA was successfully loaded on the nanotubes via mussel inspired chemistry, Figure 7 (Right). Similarly, the amount of grafted PDA on the surface of Fe3O4-MWCNTs, TiO2-MWCNTs and Al2O3-MWCNTs was 34%, 40% and 45%, respectively. It should be noted that PDA slightly reduced the thermal stability of nanocomposites except that of Ag-MWCNTs. This was probably due tothe decomposition of PDA that lies within (200-500) °C [29] , the final decomposition temperature of the nanocomposite has shifted from 400 °C to 545 °C, causing an improvement in thermal properties after PDA coating for Ag-MWCNTs samples only. 
Zeta potential measurements
Zeta potential measurements were performed, as a function of pH (2.5-11), to evaluate the surface charge of f-MWCNTs, and the role of metal/metal oxides deposition and PDA coating layer on the zeta potential of the HNS.Significantly, acid treated nanotubes were negatively charged (-25 mV to -56 mV) for the entire pH range, where no isoelectric point (IEP) was detected even within a highly acidic environment, Figure 8 (Left). The negatively functional groups are believed to act as nucleation sites for the later metal deposition on the surface of nanotubes [30] .
However, decorating the f-MWCNTs with metal/metal oxides nanoparticles has shifted the zeta potential values, for all nanocomposites over the entire pH range, to more positive values. This was ascribed to the role of positively charged metal/ metal oxides nanoparticles that contributed to the total charge of the nanocomposite structures [28] . Moreover, coating the nanocomposites with PDA caused supplemental charge reversal especially in an acidic environment (below pH 5.5), and a clear shift in the IEP was observed toward a higher pH value for all PDA coated HNS, Figure 8 (Right). This observation was due to the protonation of indole or indoline groups of PDA, which tends to neutralize the negative charge of HNS [31] . At higher pH (pH˃6), all HNS commence to feature negatively charged surfaces. 
Thin film nanocomposite membranes
FTIR
The chemical structure of the PES substrate, TFC and TFN membranes skin layer were verified by FTIR, as shown in Figure 9 . Several peaks, associated with PES membrane, were observed around 1099 cm -1 , 1148 cm -1 , 1240 cm -1 , 1337 cm -1 , 1485 cm -1 and 1578 cm -1 , and correspond to C-O stretching, O=S=O symmetric stretching, aromatic ether, O=S=O asymmetric stretching, C=C stretching and benzene ring, respectively. More precisely, peaks found at 1485 cm -1 and 1578 cm -1 are the main characteristics of PES membrane material [32] . Following the interfacial polymerization of the PA layer, the IR spectra of TFC contained a novel peak around 1666 cm -1 . This peak is assigned to amide I band, a characteristic of C=O bonds of an amide group. In addition, there was alsoa more intense peak at 1578 cm -1 assigned to amide II band for N-H [4] .
However, introducing the HNS as interlayers between the PES substrate and thin PA layer has influenced the intensity of some peaks (e.g. 557 cm -1 ,1485 cm -1 , 1578 cm -1 and 1710 cm -1 ). The boosted intensity of the peak situated at 1710 cm -1 , was mainly due to C=O stretching vibration from -COOH groups of HNS [33] . Moreover, the formation of amide bands was also influenced in all TFN types. 
Morphology of TFN membranes
The surface and cross sectional morphology of TFC and TFN membranes were observed by FESEM, as presented in Figure 10 . The SEM surface images had the typical leaf-like structure of the PA layer. No explicit variation could be seen between TFC and TFN, which indicates that the PA layer has entirely covered the HNS interlayer, Figure 10A -10F(Left). While the crosssection images of all NF membranes have two distinct morphologies; the PA skin layer and the supporting PES substrate. The observed thickness of the PA thin-film layer in TFC membrane was ranging from 225 nm to 245 nm, while the active layer of all other TFN had a higher thickness (340 ±50 nm) comparedto that of TFC membrane. This augmentation in the thickness has been correlated to the existence of an HNS intermediate layer, which can absorb and store the aqueous MPD solution to facilitate the subsequent interfacial polymerization process [33] . As depicted in Figure 10A -10F (Right), the presence of HNS was not conspicuous in the SEM cross-section images. This could be ascribed to the low contrast between HNS and the PA thin film, especially if they were wrapped within the PA polymeric matrix., It's believed herein that the interlayer was built up inside the PA matrix, and the PA forming monomers were penetrated, via the applied vacuum, through the HNS interlayer to attach the PES membrane surface and internal pores walls in order to anchor the thin film on the PES substrate. 
Atomic force microscope (AFM).
AFM tapping mode 3-D images illustrating the surface topography of TFC and TFN are presented in Figure 11 . A clear "leaf-like folds" structure, linked to the PA layer formation, can be observed on the surface of TFC membrane, Figure 11A . Meanwhile, introducing the intermediate layer of PDA coated HNS, to form TFN membranes, has changed the structure, where a combination of "leaf-like" and "ridge-to-valley" structure can be observed, Figure 11B - Figure 11F .
This could be due the interruption of nanostructures on the growth of "leaf-like" structure during the polymerization reaction [6] . Moreover, the surface roughness parameters have been improved upon the addition of HNS, compared to bare TFC membrane. This enhancement in TFN surface morphology smoothness is more likely to be attributed to the well distributed HNS intermediate layer. Indeed, this provides not only a robust mechanical support but also a smooth and homogenous platform for the subsequent IP process. All roughness parametersroot mean square roughness-Rms, root average arithmetic roughness-Ra, and ridge to valley distance-Rmaxare summarized in Table 1 . In regard of single salt separation, a negligible loss in monovalent salts rejection was observed for all TFN comparing to TFC, where all NF membranes rejection factors were ranging between 92.60% to 93.67%, except that of Ag-TFN (91%), Figure 13A . While, 99.44 % and 97.15 % rejection was obtained by TFC membrane for the divalent salts, Na2SO4 and MgSO4, respectively. Unsurprisingly, this was expected as typical negatively charged PA-TFC membranes have higher repulsion to divalent sulphate anions (SO 4 − ) than mono valent chloride anions (Cl − ) due to Donnan-exclusion effects alongside the molecular sieving mechanism [34] . TFN membranes exhibited a higher potential for SO 4 − anions separation than Cl − as well, but an explicit reduction in their divalent salts selectivity was noticed compared to TFC membrane, mainly for Na2SO4, Figure 13B and Figure 13C The similar separation values indicate a successful construction of PA layer on the HNS intermediate layer without causing any defect on the skin layer of TFN. It should be noted that alignment of HNS interlayer on the PES substrate is crucial to facilitate the defects free PA layer construction process. Since their internal diameters are much higher than that of the selective PA skin layer, it's believed that any unaligned or/and uncovered nanotubes could act as channels for salts passage as well. In addition, it is critical to ensure a high stability in practical applications, through establishing a strong interfacial adhesion between the nanostructures layer and the PA on one side, and guarantee a firm interfacial adhesion with the PES substrate surface from the other side, so as to avoid any possible peeling of nanocomposite layer under cross-flow and high pressure conditions [33] . This can be achieved through controlling the deposited HNS layer thickness, pore size and roughness of substrate membrane, monomer concentration, reaction time and cross-linking conditions. Any increase in the concentration of HNS above the limit used in this work (0.0025 mg/cm 2 ) was found to cause further increase in the HNS interlayer thickness, that can act as a separator between the PA and PES substrate rather than strengthening the nanostructure. Indeed, Figure 14 shows a membrane that peeled of and couldn't survive the cross-flow conditions (high pressure and flow rate) used during the filtration experiments, 
